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Introduction
Avian piscivores (fish-eating birds) are valuable bioindicators of environmental health and exposure to aquatic contaminants, such as mercury (Hg) (Becker 2003; Scheuhammer et al., 2007) . Their aquatic foraging habits and high trophic level place them among the most at-risk wildlife groups with regard to Hg exposure . Published literature has demonstrated field-based Hg exposure and related effects in many species of avian piscivores (Ackerman et al., this issue.; Burgess and Meyer 2008; Evers et al., 2008a; Depew et al., 2012; Schoch et al., 2014) , and avian piscivores are key bioindicators for many long-term monitoring programs (Braune 2007; Evers et al., 1998; Monteiro and Furness, 1995) and site-specific assessments (Guigueno et al., 2012; Weech et al., 2006) . As part of a cross-national assessment of Hg cycling, distribution, and bioaccumulation (Western North America Mercury Synthesis), Hg risk to avian piscivores was assessed for Western North America -a region spanning north to Alaska, south to Arizona, west to the Pacific, and east to the Dakotas (see overview in EaglesSmith et al., this issue [a] ). Understanding Hg risk to avian piscivores across this large region is important for conservation of these sensitive species.
Efforts elsewhere to evaluate avian risk to Hg across similarly broad geographic areas have relied on assessments of key prey fish species and often a wide distribution of only one target avian piscivore species (Depew et al., 2013; Scheuhammer et al., 2016) . For example, the Common Loon (Gavia immer) and Yellow Perch (Perca flavescens) have been successfully used as effective bioindicators of risk in previous Hg syntheses in the Northeastern United States (Evers et al. 2008a) , Great Lakes region ) and across central and eastern Canada (Depew et al. 2013) . In these studies, investigators mathematically transformed Hg concentrations of numerous fish species into single prey species equivalents to facilitate assessing risk to Common Loons across broad spatial extents. For those geographic regions, using a single widely distributed and well-studied sentinel species, (i.e., Common Loons) allowed for the identification of areas with greatest biological risk to Hg exposure (Evers et al., 2007; Scheuhammer et al., 2016) .
Understanding risk to avian piscivores across Western North America is complicated by two important factors. First, Western North America covers a large diversity of freshwater and marine ecosystems, incorporating at least 19 bird conservation regions that ultimately support a diverse assemblage of avian piscivore species (North American Bird Conservation Initiative, 2015) . Second, Hg distribution across Western North America is highly variable because of diverse landscape factors that facilitate methylation, an extensive mining history, and climatological variation that influences Hg transport and fate (Pinkney et al., 2015; Eagles-Smith et al. this issue [a] ). The diverse landscape and climatological gradients of the West limit the geographical utility of single species assessments, because prey fish and avian piscivore assemblages vary greatly across the region, which presents unrealistic assessments of risk to avian taxa that do not exist in certain regions. Limiting the analysis to only one species would not be representative of piscivores in this region, thereby necessitating the current approach.
The goal of this paper is to illustrate relative risk of Hg to freshwater avian piscivores across their Western North America breeding ranges. Avian piscivores were selected from freshwater systems that encompassed a range of foraging strategies, body sizes, and distributions; they include the Bald Eagle (Haliaeetus leucocephalus), Osprey (Pandion haliaetus), Belted Kingfisher (Megaceryle alcyon), and two closely-related species groups: loons (Common, Gavia immer and Yellow-billed, Gavia adamsii) and grebes (Western, Aechmophorus occidentalis and Clark's, Aechmophorus clarkii). First, bird Hg concentrations in 20 common marine and freshwater avian piscivores were compared to better understand the Hg concentration ranges of the target freshwater piscivores across the study region. Because the geographic scope of the bird data was limited, the large fish monitoring and synthesis effort across the West (summarized in Eagles-Smith et al., this issue [b] ) was leveraged to use fish Hg concentrations for modelling risk to the target avian piscivores in Western North America. This approach allows us to identify areas of concern for future research, and sets the context for understanding future changes to Hg bioaccumulation across this region. This approach can be used in the future across the entirety of North America to understand the location and patterns of biological Hg hotspots on a continental scale.
Materials and Methods

2
.1 Fish and avian piscivore database compilation. Fish total Hg (THg) concentrations were compiled from numerous sources, summarized in more detail by Eagles-Smith et al. (this issue [b] ). Briefly, fish samples were compiled from federal, state, and provincial databases, constraining data to Alaska, Yukon Territories, Northwest Territories, British Columbia, Washington, Oregon, Idaho, California, Nevada, Arizona, New Mexico, Colorado, Utah, Wyoming, Montana, Alberta, Saskatchewan, North Dakota, and South Dakota. While the larger fish dataset included fish from Hawaii, for this analysis, Hawaiian and any marine fish were excluded. All fish THg concentrations were standardized to skinless, boneless fillet in wet weight. More information on these specific conversions can be found in Eagles-Smith et al. (this issue [b] ).
Contaminant databases that contained avian piscivore THg concentrations were also compiled, including data from the U.S. Fish and Wildlife Service Environmental Contaminants Data Management System (ECDMS), the Biodiversity Research Institute's Center for Mercury Studies, U.S. Geological Survey, Environment Canada, and the multi-partner Seabird Tissue Archival and Monitoring Project (STAMP). More extensive summaries of the bird datasets can be found in Ackerman et al. (this issue) . Mercury concentrations were determined in established laboratories using a variety of instruments (e.g., ICP-MS, Direct Hg Analyzers) based on established standard operating procedures.
Avian
Hg sample risk assessment. Risk assessment was focused on modeling five target piscivore species or closely related species groups: Bald Eagle, Osprey, Loons (Common and Yellow-billed) and Aechmophorus Grebes (Clark's and Western), and Belted Kingfisher (scientific names in Table 2 ). These species were chosen based upon their use in a variety of Hg monitoring projects and to represent a variety of foraging strategies and geographic areas (Table  1) . To understand how these target piscivores compared to other bird species across western U.S. and Canada, avian piscivore tissue (whole blood, egg, and liver) THg concentrations for 20 commonly sampled species were compared across the west (Table 2 ). All tissue concentrations were converted to a whole blood equivalent THg concentration in order to standardize THg concentrations, and facilitate comparisons and risk categorization. For blood and liver samples, only adult birds were selected. To convert eggs to whole blood, the equation developed in Ackerman et al. (2016) was applied to the egg data compiled for this paper (Eq. 1). Liver samples compiled for this paper were converted to whole blood using an equation developed by Eagles-Smith et al. (2008) , which was derived from data for 4 species of waterbirds (Eq. 2). After converting THg in all tissues to the common unit of THg concentrations in whole blood, concentrations were compared across all 20 species (Fig. 1) . Although the sample size for each target species was relatively large (Table 2), they had relatively constrained geographic distributions, making it difficult to estimate risk across their ranges (Fig. 2) . As a result, risk maps were developed based on models derived from fish THg concentrations. data was constrained to only those species with individuals that fell within the birds prey size range, and where a likelihood ratio test suggested that the inclusion of length improved the fit of the data. Fish species with similar ecologies and physiologies were grouped into aggregate species for size-adjustment, because some species were poorly represented in the dataset (Eagles-Smith et al. this issue [b] ). Species groups included in the dataset are shown in Table 2 .
Sites were defined separately for lentic and lotic systems; fish locations in lentic systems were aggregated to the centroid of the water body, whereas fish locations in lotic systems were aggregated such that samples within 10 km of each other were categorized as originating from the same location. For each of these fish species groups, a linear mixed-effects model that contained fish total length as a fixed continuous factor; and site, fish species, and a species × total length interaction as random effects was used to predict the whole body total THg concentration of each fish at the preferred prey size of each piscivore (Bald Eagle = 36 cm, Osprey = 30 cm, Loons = 15 cm, Grebes = 6 cm, Belted Kingfisher = 5 cm; Table 1 ). For each predicted THg concentration, each individual fish's residual was added from the size-adjusted model to reincorporate variation not related to length into the size-adjusted THg concentrations for each individual fish. In some species, a likelihood ratio test indicated that the model including length did not fit the fish THg concentrations better than a null model; for these species, non size-adjusted, whole body THg concentrations were used.
The geospatial selection of fish samples for statistical analysis (using ArcGIS v 10.2.2) was conducted by constraining the dataset to only those locations that fell within each target piscivores breeding range using species-specific range maps (Buehler 2000; Evers et al. 2010; Kelly et al. 2009; LaPorte et al., 2013; North 1994; Poole et al. 2002; Storer and Nuechterlein 1992) . The study region-including the states and provinces listed previously-does not cover the entire North American range of any of these target avian piscivore species. Western and Clark's Grebes are mostly western species, and the study area covered 89% of their entire range. Other species had breeding distributions that expanded far beyond Western North America. For the Bald Eagle, the study area encompasses 78% of its breeding range. For the Osprey (found on all continents except Antarctica), the study area encompassed 72% of its North American breeding range. For the Belted Kingfisher, the study area covered only 69% of its breeding range. Common and Yellow-billed Loons had 78% of their North American breeding range within the western study area; Yellow-billed Loons also breed in Russia.
Grid cells (1-degree-by-1-degree) were created to cover the extent of the geographic range of each species to aid in creating species-specific risk maps. Grid cells have been used in previous synthesis efforts to illustrate risk across large geographic area with a wide range of representation of fish and bird THg concentrations (Evers et al. 2007 . Grid cells covered multiple water bodies within a region and were drawn not based on state or provincial boundaries. Any grid cells with low number of fish samples (n < 3) were excluded and results were classified based on the confidence in the estimate. Because each grid contains a different data density, confidence in the least squares mean was shown based on whether model-calculated standard error divided by the least squares mean was less than 0.25 (indicating low confidence in the least squares mean estimate). Because datasets for each avian piscivore were both corrected for fish that fell within their preferred size and within their breeding range, sample sizes of individual fish THg concentrations were different for each avian piscivore (Bald Eagle n = 56,096; Osprey n = 58,890; Loon n = 46,840; Grebe n = 46,203; Belted Kingfisher n = 54,673). By using this modeling approach, the fish dataset varies in species composition and sample size ( Table 2 ).
All THg concentrations in fish samples were natural log (ln) transformed to improve normality of residuals. From this subset of data, modeled the least squares mean prey fish THg concentration was modeled for each 1-degree-by-1-degree grid cell, including site and species group as random effects. Back-transformed standard errors were estimated using the delta method (Seber 1982) . In order to standardize the relative risk estimates, the least squares mean prey fish THg concentration in each grid was converted to the equivalent avian blood THg concentrations using the global equation from Ackerman et al. (2015) , which synthesized seven different study's equations (Eq. 3).
Equation 3. (Ackerman et al., 2015) ln( ) = 1.788 + 0.6182 * ln( ℎ )
Important assumptions.
The use of prey fish data THg concentrations to estimate avian THg exposure comes with four important assumptions. First, preferred prey size was used to model fish THg concentrations. Although using the preferred prey size likely provides an accurate estimate of typical risk to each piscivore, each species actually consumes variable sized fish depending on availability. Further, the size range of potential prey varies tremendously among avian piscivores (Table 1) suggesting that the variability in the predictions of risk may be underestimated more in some species in comparison to others. Bald Eagles, in particular, will eat much larger fish if scavenging dead prey, whereas Osprey are limited by the size of fish that they can carry (Buehler, 2000; Poole et al., 2002) . Second, the model also assumed that the birds were eating primarily fish. Loons and Osprey are known to focus on fish prey, but Bald Eagles often consume carrion or terrestrial prey not related to fish. Grebes and Kingfishers will eat a variety of invertebrates in addition to small fish (Kelly et al., 2009; Storer and Nuechterlien, 1992; LaPorte et al., 2013) , but prey fish THg concentrations are very highly correlated to grebe blood THg concentrations (Ackerman et al. 2015) . Third, it was assumed that birds were eating the same fish species that were included within the fish Hg database. Although the size correction process likely accounted for much of this issue, it is still possible that avian piscivores select different fish species or sizes than those that are monitored by Hg monitoring programs. Foraging habitat also has a large impact on Hg exposure in fish and avian piscivores; this is partially taken into account by including site in the model for fish. Fourth, it is assumed that fish THg is correlated with bird blood THg and that this correlation is similar across species. Ackerman et al. (2015) synthesized 7 study's equations into one global equation which was used to correlate prey fish to bird Hg concentrations. Because published correlations between fish prey and bird Hg do not exist for all of the individual target piscivores, it is assumed that this global correlation is applicable across species. While there may be relatively few studies that correlate prey fish to bird blood, the correlations that do exist are remarkably consistent across taxa and geographic areas, supporting the use of the global equation (Ackerman et al. 2015, 2.3 Hg Risk Categories for Avian Piscivores Selection of risk benchmarks for avian piscivores is greatly complicated by substantial variation in sensitivity among taxa (Heinz et al. 2009) , and limited data available on effects. A comprehensive assessment of risk benchmarks for birds based upon their THg concentrations is compiled elsewhere (Ackerman et al., this issue) and their categorical approach was applied to standardize interpretation among papers. Blood THg concentrations (µg/g, ww) were classified into five categories that included: background (< 0.5 µg/g), generally below effects thresholds, low (0.5 -1 µg/g) or elevated above background but below most effects thresholds, moderate (1 -2 µg/g) or where adult physiological and behavioral abnormalities likely occur, high (2 -3 µg/g) or likely reproductive impairment, to extra high (> 3 µg/g) or a high likelihood of significant reproductive failure.
Given the scale of this synthesis, it was most appropriate to use these broad categories, because more precise estimates may have limited basis for use across taxa. Although there are some studies of relative risk across different bird species (Heinz et al. 2009) , there are few comprehensive benchmarks for the five target piscivores highlighted here. Although these risk categories approximately align with Hg risk thresholds developed for Common Loons (Evers et al., 2008a; Depew et al., 2012) , interpreting their meaning for the different species outlined in this study is complicated by uncertainty in interspecies differences. Thus, qualitative risk categories were presented to be used as a meaningful guide to evaluate concern at a population level.
Results
Avian piscivore Hg samples.
THg concentrations in 4407 samples were compiled from avian piscivore tissues across western North America, and converted into blood Hg equivalent (µg/g, wet weight throughout) for comparison (Fig. 1, Table 2 ). More than half of the bird samples (55%) fell into the background Hg risk category (0 µg/g -0.5 µg/g), whereas 24% were in the low category (0.5 µg/g -1 µg/g), 14% were in the moderate category (1 µg/g -2 µg/g), 5% were in the high category (2 µg/g -3 µg/g), and 2% were in the extra high category (> 3 µg/g). While the majority of samples were less than 1 µg/g, individual species exhibited variation in the proportion of samples in each Hg category ( Table 2 ). The species with the highest proportion of samples above 2 µg/g (high or extra high category) were Black-footed Albatross (75% above 2 µg/g), American White Pelican (25% above 2 µg/g), Common Loon (17% above 2 µg/g), Clark's Grebe (15% above 2 µg/g), Western Grebe (8% above 2 µg/g), Yellow-billed Loon (8% above 2 µg/g), and Least Tern (7% above 2 µg/g).
The geometric mean for all samples was 0.41 µg/g ww (SE = 0.01). On an individual species basis, geometric mean Hg concentrations in 11 of the 20 species were within the background Hg category (0 µg/g -0.5 µg/g; Table 2 ). Black-footed Albatross had the highest geometric mean (± SE) concentration (2.72 µg/g ± 0.31) but also the lowest sample size (N = 16). American White Pelican samples had a geometric mean concentration of 1.02 µg/g ± 0.09 (moderate risk category), while seven other species exhibited geometric mean THg concentrations in the low Hg category (0.5 -1 µg/g), including: Common Loon (0.91 µg/g ± 0.03), Clark's Grebe (0.90 µg/g ± 0.09), Least Tern (0.76 µg/g ± 0.4), Bald Eagle (0.69 µg/g ± 0.02), Laysan Albatross (0.65 µg/g ± 0.02), Yellow-billed Loon (0.64 µg/g ± 0.04), and Western Grebe (0.53 µg/g ± 0.03). Although the sample size for many of these species was relatively large (Table 2) , the geographic distribution was quite constrained (Fig. 2) . Therefore, the focused analysis is based upon predicted THg concentrations from the fish database, which provides a more robust spatial representation.
Fish Hg models.
Although coverage was better than the bird dataset, the fish data did not cover the entire western breeding range of any of the avian piscivores. The amount of each species' western breeding range that was covered by the fish model was 44% for Bald Eagle, 51% for Osprey, 25% for loons, 79% for grebes, and 41% for Belted Kingfisher (Fig. 3) . All THg concentrations are reported as µg/g, wet weight (ww) ± standard error. Fish size distributions are reported in cm ± standard error.
Bald Eagle: Fish data used to estimate Bald Eagle exposure (N = 56,096) was size corrected to 36 cm before the THg concentration of each fish was converted to its avian blood equivalent using Equation 1. Original fish total lengths ranged from 1.5 cm to 138 cm, with a mean of 45 cm ± 0.08. Blood THg concentrations derived from the Bald Eagle fish dataset ranged from 0.02 µg/g to 20.4 µg/g (geometric mean = 1.47 µg/g ± 0.004). The mixed effects model used to compute the least squares mean THg concentration of each grid cell had an adjusted R 2 of 0.72, with a significant effect of grid cell (F 443,1382 = 3.7, p < 0.0001). Least squares mean THg concentrations were estimated for 444 grid cells, ranging from 0.37 µg/g -8.03 µg/g, with a mean THg concentration of 1.5 µg/g ± 0.03. The majority (71%) of grid cells with estimates that had high confidence (SE/mean < 0.25) fell into the moderate risk (1 -2 µg/g) category, whereas 17% and 11% of grid cells fell into the low (0.5 -1 µg/g) and high (2 -3 µg/g) categories, respectively (Table 4 ). Relatively few grid cells were in the extra high (> 3 µg/g) range (1%). Based upon the grid maps, several geographic areas had relatively higher risk in comparison with the rest of the Bald Eagle range fish data occurred. High confidence grid cells greater than 2 µg/g occurred in the Great Basin (southeastern Oregon and southern Idaho) and the Prairie Pothole region (Saskatchewan). Other high confidence, greater than 2 µg/g grid cells occurred near Puget Sound, the Columbia River, Pinchi Lake region (British Columbia), central Arizona, and San Francisco Bay (Fig. 3a) .
Osprey: Fish data used to estimate Osprey exposure (N = 58,890) was size corrected to 30 cm before each the THg concentration of each fish was converted to its avian blood equivalent using Equation 1. Original fish total lengths ranged from 1.5 cm to 138 cm, with a mean of 43.8 cm ± 0.08. Blood THg concentrations derived from the Osprey fish dataset ranged from 0.02 µg/g to 21.7 µg/g (geometric mean = 1.29 µg/g ± 0.003). The mixed effects model to compute the least squares mean of each grid cell for osprey prey fish had an adjusted R 2 of 0.70, with a significant effect of grid cell (F 489,1840 = 3.32, p < 0.0001). Least squares mean THg concentrations were estimated for 490 grid cells, ranging from 0.33 µg/g to 4.57 µg/g, with a mean THg concentration of 1.31 µg/g ± 0.02 across all grid cells. A high proportion of grid cells fell into the 0.5 -1 µg/g category (low risk, 21%) and 1 -2 µg/g category (moderate risk, 71%) ( Table 4) . Parts of the Great Basin in Oregon, Idaho, and Nevada, along with the Prairie Pothole region of Saskatchewan contained areas of relatively higher risk in comparison to other geographic areas within their range (Fig. 3b) .
Loon: Fish data used to estimate Loon exposure (N = 42,840) was size corrected to 15 cm before the THg concentration of each fish was converted to its avian blood equivalent using Equation 1. Original fish total lengths ranged from 1.5 cm to 138 cm, with a mean of 48.8 cm ± 0.08. Converted blood THg concentrations from the loon dataset ranged from 0.01 µg/g to 13.84 µg/g (geometric mean = 0.95 µg/g ± 0.003). The mixed effects model to compute the least squares mean per grid cell for loons had an adjusted R 2 of 0.56, with a significant effect of grid cell (F 340,941 = 2.75, p < 0.0001). Least squares mean THg concentrations were estimated for 341 grid cells, ranging from 0.22 µg/g to 3.05 µg/g, with a mean THg concentration of 0.90 µg/g ± 0.02. Most of the grid cells fell into the low (0.5 -1 µg/g) and moderate risk (1 -2 µg/g) categories (69% and 25%, respectively) with no grid exceeding the extra high risk threshold (> 3 µg/g; Table 4 ). Compared to Bald Eagle and Osprey, the loon map showed relatively fewer areas of high or extra high concern (> 2 µg/g). Only three grid cells along the Pacific Ocean in British Columbia were modeled to high risk categories (Fig. 3c) Grebe: Fish data used to estimate Grebe exposure (N = 46,203) was size corrected to 6 cm before the THg concentration of each fish was converted to its avian blood equivalent using Equation 1. Original fish total lengths ranged from 1.7 cm to 104.6 cm, with a mean of 29.4 cm ± 0.08. Converted blood THg concentrations from the grebe dataset ranged from 0.01 µg/g to 11.72 µg/g (geometric mean = 0.92 µg/g ± 0.002). The mixed effects model to compute the least squares mean of each grid cell for grebes had an adjusted R 2 of 0.64, with a significant effect of grid cell (F 396,1957 = 3.06, p < 0.0001). Least squares mean THg concentrations were estimated for 397 grid cells, ranging from 0.21 µg/g to 4.1 µg/g with a mean THg concentration of 0.91 µg/g ± 0.02. Over 90% of the grids fell within the low and moderate risk category (65% within 0.5 -1 µg/g, 30% within 1 -2 µg/g, Table 4 ). This fish prey model indicated areas of concern in the Great Basin of Oregon and Nevada (Fig. 3d ).
Belted Kingfisher: Fish data used to estimate Belted Kingfisher exposure (N = 54,673) was size corrected to 6 cm before the THg concentration of each fish was converted to its avian blood equivalent using Equation 1. Original fish total lengths ranged from 1.1 cm to 121.7 cm, with a mean of 32.7 cm ± 0.08. Converted blood THg concentrations from the Belted Kingfisher dataset ranged from 0.01 µg/g to 11.5 µg/g (geometric mean = 0.88 µg/g ± 0.002). The mixed effects model to compute the least squares mean of each grid cell for Belted Kingfisher had an adjusted R 2 of 0.64, with a significant effect of grid cell (F 519,2178 = 2.92, p < 0.0001). Least squares mean THg concentrations were estimated for 520 grid cells, ranging from 0.21 µg/g to 4.19 µg/g, with a mean THg concentration of 0.89 µg/g ± 0.02. Similar to grebes, over 90% of the grids fell within the low (0.5 -1 µg/g) and moderate (1 -2 µg/g) risk category (69% and 26%, respectively, Table 4 ). The risk map for kingfisher prey fish was similar to that for grebes, with increased risk in the Great Basin (Fig. 3e ) and additional areas with low confidence in British Columbia.
Discussion
Comparison to previous Hg synthesis work.
In this study, Hg risk to multiple avian piscivores was assessed across a broad geographic area -the western United States and Canada. Unlike previous synthesis efforts that focused on a single avian piscivore and prey species for assessing risk from environmental Hg loads (Ackerman et al. 2015; Burgess and Meyer 2008; Depew et al., 2013; Evers et al., 2007; 2008b; , there was not a single bird species that could be effectively used across the region. Instead, the approach targeted five breeding avian piscivores that collectively span the majority of the freshwater habitats occurring within western North America. The use of fish Hg concentrations to predict risk to avian piscivores had several advantages. First, fish are the most widely measured taxonomic group for Hg exposure. Second, there are numerous national-, state-, and provincial-scale fish Hg monitoring programs used as a basis for fish consumption guidelines for human health. Third, fish Hg concentrations can be converted to avian piscivore risk. Other papers within this special issue used either fish (EaglesSmith et al. this issue [b] , Lepak et al. this issue) or bird (Ackerman et al., this issue ) Hg concentrations to characterize risk across the study region. By leveraging the established strong linkages between prey fish and avian piscivore Hg concentrations (Ackerman et al. 2015) , risk for 5 target avian piscivores was characterized at a finer scale than piscivorous bird data alone would allow. Many areas in Western North America remain uncharacterized and using fish Hg concentrations as a proxy for bird Hg exposure allows for an examination of risk at a landscape level to better understand the spatial patterns of biological Hg hotspots.
In freshwater ecosystems, the positive modeled relationship between fish length and Hg concentration demonstrated that avian piscivores that consume larger fish were classified into higher Hg categories across their breeding range (Table 4) . Proportion of grid cells above 1.0 µg/g declined from 83% for Bald Eagle and 77% for Osprey to 26% for loons, 31% for grebes, and 27% for kingfishers. While these Hg categories are helpful for comparing risk on a standardized scale, this does not necessarily mean that smaller avian piscivores are not at risk. For example, in San Francisco Bay, Forster's Terns and invertivorous Black-necked Stilts had similar or higher THg concentrations than Caspian Terns despite the fact that Caspian Terns feed on larger fish at a higher trophic position (Eagles-Smith et al. 2009 ). Space use data showed that Forster's Terns and stilts selected foraging habitats with much higher baseline Hg concentrations than did Caspian Terns (Ackerman et al. 2007; .
In addition to variation in habitat drivers of differential Hg bioaccumulation that can put birds that eat smaller fish at risk, there is also tremendous variation in the sensitivity of different avian species that can complicate toxicological risk (Heinz et al. 2009 ). Aside from the thresholds developed for Common Loons, there are few field-based effects thresholds that are well-developed for other bird species. Artificially incubated eggs dosed with Hg have shown that species show wide variation in their sensitivities to Hg, based on hatching success (Heinz et al. 2009; Braune et al. 2012) . In a comparative egg dosing study of 21 bird species by Heinz et al. (2009) , Osprey were among the most sensitive species to Hg in egg injections, which might translate to lower effects thresholds than presented here. Comparatively, loons are moderately sensitive (Kenow et al., 2011 ; based on similar protocols as Heinz et al. 2009 ). However, it is widely acknowledged that the MeHg injected into eggs is likely more toxic than maternally derived Hg, complicating the application of these effects benchmarks to successful reproduction in the wild, where parental incubation behavior and ability to catch prey (and subsequent ability to raise young) may be impaired by Hg contamination.
Ecosystems and regions of Hg concern.
Although the focus of the analysis did not identify conclusive "biological Hg hotspots" as were developed in previous synthesis efforts in the Northeast (Evers et al. 2007 ) and Great Lakes , the results do show certain areas of concern for multiple avian piscivores. To better visualize the results, grid cells across all target species that were in the moderate category or above (> 1 µg/g) were compiled (Fig. 4) . Some regions highlighted in the risk map have known sources of elevated Hg. For example, the Pinchi Lake region has been well characterized as an area with elevated environmental Hg loads due to cinnabar deposits and mining (Weech et al., 2004) . Similarly, fish and birds in the Carson River complex in Nevada have well-documented elevated Hg concentrations as a result of Hg from to legacy mining transported to wetlands areas with high methylmercury production capacity (Henny et al. 2002; Hill et al. 2008; Seiler et al. 2004 ).
Several major river-fed systems across western North America were isolated as areas of moderate or high relative risk for multiple piscivores (e.g., Columbia River, Puget Sound, San Francisco Bay). San Francisco Bay in particular appears to be an area with highly elevated biotic Hg concentrations that are related to legacy mining activities and methylating habitats (Ackerman et al. 2008; Eagles-Smith 2008 ). Relatively elevated Hg concentrations were observed in areas of the Puget Sound and Columbia River; however, no direct estimates exist regarding specific source in these systems. Models have suggested that delta regions of rivers associated with marine ecosystems can be affected by deposition of watershed transport of Hg, with climate change projections suggesting increased methylation rates and Hg releases (Amos et al. 2014 , Fisher et al. 2012 ).
The Prairie Pothole region in Canada (particularly in southern Saskatchewan) was shown to have moderate or high relative risk for multiple piscivores. The Prairie Pothole region is a unique system with relatively high methylation potential due to high density of wetlands (Hall et al. 2009; Bates and Hall 2012) . Although relatively few contaminant studies with avian bioindicators have occurred there (Allen et al., 1998; Winder et al., 2011; Fox et al., 2005) , the Prairie Pothole is consistently cited as one of the largest waterfowl producing areas in North America making further study of Hg in this area critically important (Greenwood et al., 1995) . This study also highlighted two arid land ecosystems: the Great Basin in Idaho, Oregon and Nevada and central Arizona. Parts of the Great Basin also are identified using only bird Hg concentrations (Ackerman et al. this issue) . Different areas of this large region have been studied previously because of concerns from mining legacy Hg use (Henny et al., 2002) or risk to waterfowl (i.e., the Great Salt Lake; Vest et al., 2009 ), but the area also supports a vast network of seasonal and permanent wetlands (Sada and Vinyard 2002 ) that may enhance methylmercury potential. A more integrated monitoring is needed across the region to better develop causality. New predictions of increased Hg deposition in the western United States that likely originate from increased global Hg emissions (Weiss-Penzias et al., 2016) also indicates that ecosystems sensitive to Hg input need to be monitored to track potential increases of biotic Hg body burdens.
Conclusions.
Results highlight the need for future monitoring of Hg exposure in both bird and fish across North America. Compared to the risk maps created using bird Hg concentrations (Ackerman et al., this issue) , our results using prey fish identified additional areas of potential concern where bird sampling has not occurred. Although using fish Hg concentrations allow more extensive spatial coverage than only bird tissue sampling, the ability to draw conclusions about the overall Hg risk to each bird species was limited because of uncertainties related to the sensitivities of birds to Hg (Heinz et al., 2009) . Fish Hg concentrations covered from 25% to 79% of the western breeding ranges of the target piscivores, better geographic coverage and a defined sampling design is needed to fully evaluate the proportion of the breeding population impacted. Using the approach within this paper, it is important to next examine Hg concentrations in prey fish and associated target avian piscivores across their entire North American breeding ranges. Standardized continental comparisons by Evers et al. (1998) for Common Loons found a significant west (lower) to east (higher) gradient of loon Hg concentrations, but this has not been established for other avian piscivores. Due to the climatological gradients of western United States and Canada, many aquatic-specialist bird species concentrate in relatively small areas to breed and forage, making those areas potentially of higher conservation concern. The next step for assessing risk of environmental Hg loads to avian piscivores is to understand their breeding density areas across the broad and varied ecosystems that they occupy.
An approach that can scale the risk of Hg to breeding populations of avian piscivores across a mosaic of ecosystems at continental levels is important for assessing potential impacts at global levels. In October 2013, 128 countries signed a new global treaty called the Minamata Convention (UNEP 2013) with the overall objective to "protect the human health and the environment from anthropogenic emissions and releases of mercury and mercury compounds." This Convention will be instrumental for reducing the use and release of Hg into the environment and metrics are being developed that could be used for evaluating its effectiveness (Evers et al. submitted) . As such, one metric will likely be based on biotic Hg concentrations from key bioindicators. In the Convention (Article 19), "geographically representative monitoring of Hg and Hg compounds in vulnerable populations and in environmental media, including biotic media such as fish, marine mammals, sea turtles, and birds" is needed by the Parties to develop a plan for assessing improvements in ecological and human health. Monitoring strategies for Hg in fish, birds, marine mammals and other biota have been developed (Mason et al. 2005; Evers et al. 2008b ) and inclusion of avian piscivores as sensitive and high profile bioindicators is important for identifying biological Hg hotspots and tracking trends of environmental Hg loads over time. The results from the assessment of potential impacts from Hg on avian piscivores in Western North America will help meet the demands for evaluating the effectiveness of the Minamata Convention. 
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